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1
SYSTEM AND METHOD FOR CHANNEL
STATE INFORMATION FEEDBACK IN
WIRELESS COMMUNICATIONS SYSTEMS

This application claims the benefit of U.S. Provisional
Application No. 61/383,251, filed on Sep. 15, 2010, entitled
“Method and Apparatus for CSI Feedback for Closed Loop
MIMO Systems,” which application is hereby incorporated
herein by reference.

TECHNICAL FIELD

The present invention relates generally to digital commu-
nications, and more particularly to a system and method for
channel state information feedback in wireless communica-
tion systems.

BACKGROUND

In a wireless communications system, the communications
system’s capacity may be significantly improved when a first
device has full or partial knowledge of a channel (e.g., chan-
nel information) over which it will be transmitting. The chan-
nel information may be referred to as channel state informa-
tion (CSI). CSI may be obtained by the first device over a
reverse feedback channel, where a second device that receives
transmissions made by the first device transmits CSI to the
first device over the reverse feedback channel.

Generally, communications in a communications system
occur over uni-directional links. A first uni-directional link
may be referred to as a downlink (DL) that originates at a
communications controller (also commonly referred to as a
base station, a NodeB, an enhanced NodeB (eNB), and so on)
and ends at a communications device (also commonly
referred to as a mobile station, a terminal, a subscriber, a User
Equipment (UE), and so forth). A second uni-directional link
may be referred to as an uplink (UL) that originates at the
communications device and terminates at the communica-
tions controller. In the DL, the communications controller
may be the first device and the communications device may
be the second device.

The capacity and coverage of the wireless communication
system can be significantly improved by using multiple
antennas at transmitter and/or receiver. Such wireless com-
munications systems are referred to as Multiple Input Mul-
tiple Output (MIMO) systems and can exploit the spatial
dimension of the communication channel to transmit several
parallel information carrying signals, commonly referred to
as spatial multiplexing. The additional gains can be achieved
by adaptation of a number of simultaneously transmitted
information carrying signals to a level that the channel can
support, which is commonly referred to as transmission rank
adaptation.

Additional gain can be also obtained by using precoding
that adjusts the phase and amplitude of the signals to better fit
current channel conditions. The aforementioned signals form
a vector-valued signal and the adjustment operation can be
implemented as multiplication with a precoding matrix.
Based on information related to channel conditions, the pre-
coding matrix can be chosen from a finite and countable set,
aso-called codebook. A different codebook can be defined for
different transmission rank and the precoding matrix can be
indexed by a precoding matrix indicator from the correspond-
ing codebook.

SUMMARY OF THE INVENTION

These technical advantages are generally achieved, by
example embodiments of the present invention which provide
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2

a system and method for channel state information feedback
in wireless communications systems.

In accordance with an example embodiment of the present
invention, a method for reporting channel information is pro-
vided. The method includes determining, at a user equipment,
a channel information type for first channel information to be
reported to a communications controller, determining the first
channel information conditioned on previously reported
channel information and on the channel information type, and
reporting the first channel information, the channel informa-
tion type, or a combination thereof, to the communications
controller.

In accordance with another example embodiment of the
present invention, a user equipment is provided. The user
equipment includes a processor, and a transmitter coupled to
the processor. The processor determines a channel informa-
tion type for first channel information to be reported to a
communications controller, and determines the first channel
information conditioned on previously reported channel
information and on the channel information type. The trans-
mitter reports the first channel information, the channel infor-
mation type, or a combination thereof; to the communications
controller.

In accordance with another example embodiment of the
present invention, a communications system is provided. The
communications system includes a communications control-
ler, and a user equipment coupled to the communications
controller. The communications controller controls user
equipment. The user equipment determines a channel infor-
mation type for first channel information to be reported to the
communications controller, determines the first channel
information conditioned on previously reported channel
information and on the channel information type, and reports
the first channel information, the channel information type, or
a combination thereof, to the communications controller.

One advantage disclosed herein is that for some types of
feedback information that a UE is incapable of computing
may be determined conditioned on (or based on) previously
reported feedback information. The use of previously
reported feedback information to condition these types of
feedback information yields better overall communications
system performance than using randomly selected or fixed
information for these types of feedback information.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that the
detailed description of the embodiments that follow may be
better understood. Additional features and advantages of the
embodiments will be described hereinafter which form the
subject ofthe claims of the invention. It should be appreciated
by those skilled in the art that the conception and specific
embodiments disclosed may be readily utilized as a basis for
modifying or designing other structures or processes for car-
rying out the same purposes of the present invention. It should
also be realized by those skilled in the art that such equivalent
constructions do not depart from the spirit and scope of the
invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawing, in which:

FIG. 1aq illustrates an example portion of a wireless com-
munications system according to example embodiments
described herein;
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FIG. 156 illustrates an example wireless communications
system utilizing a codebook in communications channel
information feedback according to example embodiments
described herein;

FIG. 2a illustrates an example eNB according to example
embodiments described herein;

FIG. 25 illustrates an example UE according to example
embodiments described herein;

FIG. 3a illustrates an example diagram of a first CSI report
sequence as transmitted by a UE to an eNB with PTI=0
according to example embodiments described herein;

FIG. 356 illustrates an example diagram of a second CSI
report sequence as transmitted by a UE to an eNB with PTI=1
according to example embodiments described herein;

FIG. 4a illustrates an example first diagram of CSI feed-
back transmitted by a UE to an eNB, wherein one of the CSI
is determined conditioned on previously reported CSI
according to example embodiments described herein;

FIG. 454 illustrates an example second diagram of CSI
feedback transmitted by a UE to an eNB, wherein one of the
CSI is determined conditioned on previously reported CSI
according to example embodiments described herein;

FIG. 4c illustrates an example third diagram of CSI feed-
back transmitted by a UE to an eNB, wherein one of the CSI
is determined conditioned on previously reported CSI
according to example embodiments described herein;

FIG. 5 illustrates an example flow diagram of UE opera-
tions in reporting CSI to an eNB according to example
embodiments described herein;

FIGS. 6a through 6c¢ illustrate several example determin-
ing of CSI conditioned on previously reported CSI according
to example embodiments described herein; and

FIG. 7 illustrates an example communications device
according to example embodiments described herein.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of the current example embodi-
ments are discussed in detail below. It should be appreciated,
however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the inven-
tion, and do not limit the scope of the invention.

One exemplary embodiment of the invention relates to
determining channel state information (CSI) that is unavail-
able in a current operating mode or CSI report sequence by
conditioning it on previously reported CSI. The UE may
determine the CSI using the previously reported CSI and
channel information type to help formulate the CSI. For
example, a UE that provides CSI to an eNB may generate
certain types of CSIthat are unavailable in a current operating
mode by using previously reported CSI and channel informa-
tion type to help it generate the CSI that more accurately
captures the channel state than a randomly selected CSI or a
fixed CSI value would be able to capture. The UE may then
report the CSI and/or the channel information type.

The present invention will be described with respect to
example embodiments in a specific context, namely a Third
Generation Partnership Project (3GPP) Long Term Evolution
(LTE) Release-10 compliant communications system. The
invention may also be applied, however, to other standards
compliant and non-standards compliant communications
systems that use dual index or double codebook based CSI
feedback to improve overall communications system perfor-
mance.
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FIG. 1a illustrates a portion of a wireless communications
system 100. Wireless communications system 100 includes
an enhanced NodeB (eNB) 105 and a User Equipment (UE)
110. Transmissions from eNB 105 to UE 110 occur over
channel 115. UE 110 estimates channel 115 and provides
channel information regarding channel 115 (such as CSI) to
eNB 105. UE 110 may utilize a feedback channel 117 to
transmit the channel information regarding channel 115 to
eNB 105.

While it is understood that communications systems may
employ multiple eNBs capable of communicating with a
number of UEs, only one eNB and one UE are illustrated for
simplicity.

eNB 105 includes a processor 120, a transmitter 125 with
one or more transmit antennas 126, and a receiver 130 with
one or more receive antennas 131. Similarly, UE 110 includes
a processor 140, a receiver 145 with one or more receive
antennas 146, and a transmitter 148 with one or more transmit
antennas 151.

Receiver 145 of UE 110 receives transmissions made by
transmitter 125 of eNB 105 and from the received transmis-
sions, processor 140 may compute channel information, such
as channel mean, spatial domain channel correlation matrix,
long and/or short term channel statistics, functions thereof,
and so forth. The channel information (in full or partial form)
may be transmitted back to eNB 105, where it is received by
receiver 130 and provided to processor 120 that makes use of
the channel information to design future transmissions. The
channel information may be quantized to help reduce feed-
back overhead.

The channel information fed back to eNB 105 by UE 110
may be in the form of time domain channel information,
frequency domain channel information, or a combination
thereof. Time domain channel information may be in the form
of'short term channel information or long term channel infor-
mation, while frequency domain channel information may be
in the form of sub-band channel information or wideband
channel information. In general, long term channel informa-
tion and/or wideband channel information may be collec-
tively referred to as “long term” and/or “wideband” channel
statistics or “long term wideband” channel statistics. Short
term channel information may include channel mean, and so
on.

FIG. 15 illustrates a wireless communications system 150
utilizing a codebook in communications channel information
feedback. Wireless communications system 150 includes a
eNB 155 transmitting to a UE 160 over a channel 165. In
order to improve performance, UE 160 measures and trans-
mits information related to channel 165 (i.e., channel infor-
mation) to eNB 155. Since a feedback channel used to trans-
mit the feedback information may have limited resources,
reducing feedback information overhead may help to
improve overall communications system performance.

One technique commonly used to reduce feedback infor-
mation overhead for some forms of channel information is to
use a codebook to quantize the channel information and then
feeding back only an index into the codebook to eNB 155
instead of the actual channel information of channel 165.
Both UE 160 and eNB 155 possess copies of the codebook
(shown as codebook 170 for UE 160 and codebook 175 for
eNB 155). The codebook used for quantizing the channel
information of channel 165 may be predefined and fixed.

FIG. 2a illustrates an eNB 201. Data 200, in the form of
bits, symbols, or packets for example, destined for a plurality
of UEs being served are sent to a scheduler 204, which
decides which UEs will be transmitted to in a given time
and/or frequency opportunity. For example, with Multi-User
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Multiple Input Multiple Output (MU-MIMO), scheduler 204
may select L out of K UEs for transmission at a given time and
frequency resource, where K and I are integer values and L is
less than or equal to K. The selection of the L UEs may be in
accordance with factors such as maximizing throughput, ser-
vice history, UE priority, information priority, and so forth.
While for Single User MIMO (SU-MIMO), scheduler 204
may select single UEs for transmission at a given time and
frequency resource.

Data for UEs are processed by modulation and coding
block 210 to convert to transmitted symbols and add redun-
dancy for the purpose of assisting with error correction or
error detection. The modulation and coding scheme is chosen
based in part on or in accordance with information about the
channel information feedback 215.

The output of modulation and coding block 210 is passed to
a transmit beamforming block 220, which maps the coded
and modulated stream for each UE onto a beamforming vec-
tor. The beamformed outputs are coupled to antennas 216
through RF circuitry. The transmit beamforming vectors may
be determined by transmit beamforming block 220, which
may determine the transmit beamforming vectors in accor-
dance with channel information feedback 215 as well as
information from scheduler 204, which may include informa-
tion regarding the UEs selected for transmission, and so on.

Feedback processor 202, among other operations, decodes
feedback information from channel information feedback
215. Decoding feedback information may involve the use of a
codebook 205 if channel information feedback 215 was quan-
tized using a codebook by a UE.

The channel information may be fed back with different
periodicity. As an example, Rank Indication (RI) may be fed
back at a relatively long period, as is long term channel
information, while wideband Precoding Matrix Indicator
(PMI) and/or Channel Quality Indicator (CQI); and subband
PMI and/or CQI (subband PMI/CQI) may be fed back at a
relatively short period. Feedback processor 202 may need to
process the received channel information feedback 215 dif-
ferently in accordance with the type of channel information.

Additionally, channel information feedback 215 may be
encoded to protect from transmission errors. The encoding
may be jointly or separately performed. If so protected, feed-
back processor 202 may remove the encoding used to protect
channel information feedback 215 to produce feedback infor-
mation.

Scheduler 204 may use any of the known scheduling dis-
ciplines in the literature including round robin, maximum
sum rate, proportional fair, minimum remaining processing
time, or maximum weighted sum rate; generally scheduling
decisions are in accordance with channel information feed-
back 215 received from the plurality of UEs. Scheduler 204
may decide to send information to a single UE via transmit
beamforming (SU-MIMO) or may decide to serve multiple
UEs simultaneously through MU-MIMO communications.

Modulation and coding unit 210 may perform any number
of coding and modulation techniques including quadrature
amplitude modulation, phase shift keying, frequency shift
keying, differential phase modulation, convolutional coding,
turbo coding, bit interleaved convolutional coding, low den-
sity parity check coding, fountain coding, or block coding.
The choice of modulation and coding rate in a preferred
embodiment may be made in accordance with channel infor-
mation feedback 215 in a preferred embodiment and may be
determined jointly in scheduler 204.

While not explicitly illustrated, it is obvious to those of
ordinary skill in the art that OFDM modulation can be used.
Further, any number of multiple access techniques could be

15

20

25

30

40

45

55

6

used including orthogonal frequency division multiple
access, code division multiple access, frequency division
multiple access, or time division multiple access. The mul-
tiple access technique may be combined with the modulation
and coding unit 210 or the transmit beamforming block 220
among others.

Channel information feedback 215 may, for purposes of
illustration, be in the form of quantized channel measure-
ments, modulation, coding, and/or spatial formatting deci-
sions, received signal strength, and signal-to-interference-
plus-noise measurements. A processor 235 may be used to
execute applications for eNB 201, and may be used to control
the operation of units such as feedback processor 202, code-
book adjust unit 206, modulation and coding unit 210, sched-
uler 204, and so forth.

FIG. 24 illustrates UE 203. UE 203 may have one or more
receive antennas 251, connecting through RF circuitry to a
receiver signal processing unit 250. Receiver signal process-
ing unit 250 includes a channel estimation unit 255.

Channel estimation unit 255 may employ any number of
algorithms known in the art including least squares, maxi-
mum likelihood, maximum a postiori, Bayesian estimator,
adaptive estimator, a blind estimator, or so forth, to estimate a
channel between UE 203 and its serving eNB. Some algo-
rithms exploit known information inserted into the transmit
signal in the form of training signals, training pilots, while
others use structure in the transmitted signal such as cyclos-
tationarity to estimate coefficients of the channel between the
eNB and the UE.

Channel quality information unit 275 generates channel
information based on channel estimates from channel estima-
tion unit 255 and potentially previously reported channel
information. Channel quality information unit 275 may also
make use of a codebook 280 to generate the channel infor-
mation. Channel information may include rank indicator, pre-
coding matrix indicator, channel quality indicator, and so on.
The channel information may be placed in a feedback mes-
sage to produce channel information feedback 215. Channel
quality information unit 275 may also apply an error correct-
ing code to protect information in the feedback message from
errors.

The above codebook based precoding for closed loop
MIMO is used in the Third Generation Partnership (3GPP)
Long Term Evolution (LTE) Release-8 system. The User
Equipment (UE) would typically evaluate the different trans-
mission rank and the precoding matrices in the codebook and
report a preferred rank indicator (RI) and a precoding matrix
indicator (PMI) to its eNB. The eNB would then decide the
transmission rank and the precoding matrix, based on the
received reports. Furthermore, Channel Quality Indicator(s)
(CQI) calculated conditioned on the use of the selected pre-
coding matrix is (are) reported to eNB for link adaptation,
scheduling and user pairing in MU-MIMO. Through feed-
back of the above channel state information (CSI) including
RI, PMI, CQI, and so forth, the close loop MIMO system can
adapt the transmission to the current channel conditions and
hence achieve significant performance gain.

Periodic CSI report using a Physical Uplink Control Chan-
nel (PUCCH) and aperiodic CSI report using a Physical
Uplink Shared Channel (PUSCH) for CQI, PMI, RI are
defined and configured by higher layer signaling in 3GP LTE
Release-8. Furthermore, the entire system bandwidth is par-
titioned into multiple subbands. RI is usually determined
assuming transmission on system bandwidth. While CQI and
PMI calculated assuming transmission on system bandwidth
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is called wideband CQI and PMI. However, CQI and PMI
calculated assuming transmission on subband is called sub-
band CQI and PMI.

A periodic CSI reporting mode defined in 3GPP LTE
Release-8 is referred to as PUCCH mode 2-1 where RI,
wideband CQI and wideband PMI, and UE selected subband
CQI reports are respectively reported in different subframes.
A UE selected subband CQI report in a certain subframe
describes the channel quality in a particular part or in particu-
lar parts of the bandwidth described subsequently as a band-
width part (BP) or parts. A BP consists of multiple frequency-
consecutive subbands and is indexed in the order of
increasing frequency and non-increasing sizes starting at the
lowest frequency. Collectively, all of the BPs span the entire
system bandwidth.

For UE selected subband CQI feedback, a single subband
out of all subbands of a BP is selected along with a corre-
sponding label indexed in the order of increasing frequency.
The subband label will be reported with subband CQI report
in the same subframe. The wideband CQI and wideband PMI
reporthas period H'N,, .. The integer H is defined as H=J-K+1,
where J is the number of bandwidth parts. Between every two
consecutive wideband CQl/wideband PMI reports, the
remaining J-K reporting instances are used in sequence for
subband CQI reports on K full cycles of BPs. Each full cycle
of BPs shall be in increasing order starting from BP 0 to BP
J-1. The reporting interval of the RI reporting is an integer
multiple Mg, of period H'N,,, (in subframes). The parameter
N,,; is the report period of subband CQI. Parameters K and
Mg, are all configured using higher-layer signaling.

To improve granularity of spatial quantization without
large overhead increment, a double codebook or dual index
based feedback framework was adopted for 3GPP LTE
Release-10 systems, where a precoder or a precoding matrix
W for a subband is a matrix product of two matrices W1 and
W2. Matrix W1 targets long-term or wideband channel prop-
erties and matrix W2 targets short-term or frequency-selec-
tive channel properties. W1 and W2 are actually from two
different codebooks C1 and C2, respectively. For conve-
nience, hereinafter, the indices for W1 and W2 are referred to
as first PMI and the second PMI, respectively. Equivalently,
the first PMI and the second PMI can be said to index the
matrix W, the matrix product of W1 and W2.

An extension of PUCCH Mode 2-1 in 3GPP LTE
Release-8 was adopted in 3GPP LTE Release-10, which can
be summarized as follows.

W is determined from 3-subframe report conditioned upon

the latest RI report.

Reporting format

Report 1: RI and 1-bit precoder type indication (PTI)
Report 2:
PTI=0: W1 will be reported;
PTI=1: wideband CQI and wideband W2 will be
reported
Report 3:
PTI=0: wideband CQI and wideband W2 will be
reported
PTI=1: subband CQI, subband W2, and a subband
selection indicator or predefined cycling.

As shown above, a new CSI report, PTI, is introduced,
leading to two possible CSI report sequences that are depen-
dent on PTI value. A first report sequence comprises RI with
PTI=0; W1 or first PMI; and wideband CQI, and wideband
W2 or wideband second PMI. A second report sequence
comprises Rl with PTI=1; wideband CQI, and wideband W2
or wideband second PMI; and subband CQ], and subband W2
or subband second PMI. Furthermore, a subband selection
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indicator such as a subband label within a bandwidth part
(BP) can be reported with subband CQI and subband second
PMI. Alternatively, subband label or subband indicator can be
obtained at the UE and the eNB from a predefined cycling
pattern known for the UE and the eNB. Hereinafter, it is
assumed that a subband selection indicator or subband label
can be reported with subband CQI and subband second PMI
except that an explicit description about subband selection
indicator or subband label is specifically provided.

FIG. 3a illustrates a diagram 300 of a first CSI report
sequence as transmitted by a UE to an eNB with PTI=0,
where a particular subframe is depicted as a pulse. The first
CSI report sequence fed back from a UE to an eNB with
PTI=0 may begin with a RI with PTI=0 report (shown as
subframe 305) followed by a number of W1 or wideband first
PMI reports (shown as subframe 310, subframe 315, and
subframe 320). In between the feeding back of W1 or wide-
band first PMI reports, the UE may feedback M-1 wideband
CQl and W2 or wideband second PMI reports (shown as pulse
312, pulse 314, and pulse 317), where M is a parameter that
may be signaled to the UE through higher layer signaling, for
example.

A time period between feedbacks of the M-1 wideband
CQI and wideband W2 or wideband second PMI reports may
be defined as value P. Hence, a duration between consecutive
feedbacks of W1 or wideband first PMI reports may be
defined as M*P (or equivalently, H*P).

In summary, the first CSI report sequence may be defined
as a sequence of CSI reports beginning with a RI report with
PTI=0 followed by a number of W1 or wideband first PMI
reports, with M-1 wideband CQI and W2 or wideband sec-
ond PMI reports in between adjacent W1 or wideband first
PMI reports.

FIG. 35 illustrates a diagram 350 of a second CSI report
sequence as transmitted by a UE to an eNB with PTI=1,
where a particular subframe is depicted as a pulse. The second
CSI report sequence fed back from a UE to an eNB with
PTI=1 may begin with a RI with PTI=1 report (shown as
subframe 355) followed by a number of wideband CQI and
wideband W2 or wideband second PMI reports (shown as
pulse 360, pulse 365, and pulse 370). In between the feeding
back of wideband CQI and wideband W2 or wideband second
PMI reports, the UE may feedback J*K subband CQI and
subband W2 or subband second PMI reports (shown as sub-
frame 362, subframe 364, and subframe 367), where J is the
number of BPs and K is a parameter that may be signaled to
the UE through higher layer signaling, for example.

Again, a time period between feedbacks of the J*K sub-
band CQI and subband W2 or subband second PMI reports
may be defined as value P. Hence, a duration between con-
secutive feedbacks of wideband CQI and wideband W2 or
second PMI reports may be defined as (J*K+1)*P.

In summary, the second CSI report sequence may be
defined as a sequence of CSI reports beginning with a RI
report with PTI=1 followed by a number of wideband CQI
and wideband W2 or wideband second PMI reports, with J*K
subband CQI and subband W2 or subband second PMI
reports in between adjacent wideband CQI and wideband W2
or wideband second PMI reports.

Although the CSI report sequences (e.g., the first CSI
report sequence and the second CSI report sequence) in the
CS] feedback are well defined, the determination of some of
the CSI to be fed back is not so clearly defined. There exist
two related issues to be addressed:

How is RI to be determined when PTI=1?

How is W2 to be determined when PTI=1?
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The above issues arise from an absence of W1 or first PMI in
the second CSI report sequence.

According to an example embodiment, the CSI that are not
clearly defined, such as RI and/or W2 when PTI=1, may be
determined conditioned on previously reported CSI. In other
words, the UE may use previously reported CSI to help it
generate the CSI that are not clearly defined.

FIG. 4a illustrates a first diagram 400 of CSI feedback
transmitted by a UE to an eNB, wherein one of the CSI is
determined conditioned on previously reported CSI. First
diagram 400 displays a number of feedbacks of CSI by a UE
to a BS, including a RI with PTI=1 report (shown as subframe
405). However, as discussed previously, the UE may not
know how to determine the RI with PTI=1 report.

According to an example embodiment, the UE may be able
to determine the RI with PTI=1 report conditioned on a pre-
viously reported first PMI or W1 report (shown as subframe
410) and a previously reported RI with PTI=0 report (shown
as subframe 415). A detailed description of an exemplary
determination of the RI with PTI=1 report from the previ-
ously reported first PMI or W1 report and the previously
reported RI with PTI=0 report is provided below. Although it
may be possible to utilize any previously reported W1 or first
PMI report and any previously reported RI with PTI=0 report
to determine the RI with PTI=1 report as long as the previ-
ously reported CSI belong to a different CSI report sequence,
the most recently reported (or similarly, last reported) W1 or
first PMI report and the most recently reported (or similarly,
last reported) RI with PTI=0 report (as long as the previously
reported CSI belong to a different CSI report sequence) may
produce the RI with PTI=1 report that provides the best over-
all communications system performance.

As an illustrative example, consider codebook based pre-
coding for closed loop MIMO communications system which
may be expressed as

y=HPx+n,

where vector y represents the received signals, H represents
the channel matrix, P represents the precoding matrix or
vector, X represents the vector consisting of signals to be
transmitted, and n represents the observed noise or interfer-
ence at UE.

For a dual index or double codebook based codebook, such
as the codebook for eight transmit antenna in LTE Release-
10, a precoding matrix recommended by a UE is a matrix
product expressible as

W,

E) - I/Vil Wiz'
For convenience, the precoding matrix or codewords in a rank
r codebook may be expressed as

Wllz() W (’)W @)

Here rank=r, while i, and i, are the first PMI and second
PMI, respectively, and are used to index W ™ and W, ) also
equivalently to jointly index matrix Wl1 5

The determination of the RI with PTI=I report conditioned
on the most recently reported RI with PTI=0 report and the
most recently reported W1 or first PMI report may be
expressed as

)

=arg max
L ER(I) 1

where r,* and i,* are the most recently reported RI with
PTI=0 report and the most recently reported W1 or first PMI
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report, respectively, and R, - 11 U represents a set of allowable
r, values such that W1 corresponding to first PMI i, * in a rank
-r, codebook is same as W1 corresponding to first PMI11,* in
arank —r,* codebook. More specifically, the candidate r, can
be given in Table 1.

TABLE 1

Candidate RI with PTI = 1 reports conditioned on previously
reported RI with PTI = 0 and a first PMI.

1%, the last reported RI with PTI =0

Candidate
values of r;

Therefore, given a value of r,*, the UE may determine a set
of candidate values for r; conditioned on the value of ry*
(using Table 1, for example). In other words, the value of rr,*
is used to determine (condition) the set of candidate values for
r,. The UE may then select a value from the set of candidate
values as the RI with PTI=1 report. For example, the UE may
make use of the channel measurement to select the value from
the set of candidate values. As an illustrative example, con-
sider a situation wherein r,*=4, then the set of candidate
values forr; comprises 3 and 4. The UE may then select either
3 or 4 for the RI with PTI=1 report depending on the value of
its channel measurement. As another illustrative example,
consider a situation wherein r,*=6 and i, *=1, then the set of
candidate values for r, comprises 5, 6 and 7. The UE may then
selecteither 5 or 6 or 7 for the RI with PT1=1 report depending
on the channel measurement.

Furthermore,

(r1)
i i2

(r1)
i i2

fws(W,

=>cw,

se§

where S represents the set of subbands and spans the entire
system bandwidth, and s represents a subband belonging to S.

Alternatively, the determination of RI with PTI=1 report
conditioned on the most recently reported RI with PTT=0 and
W1 or first PMI report can also be expressed as

=arg max
1 ER(I)

where CS(WZ1 12(’1)) represents the total throughput, capacity,
or other metrics when transmitting utilizing precoding matrix
Wil*,iz(”) on subband s and it can be derived based on the
following equation

y=HPx+nP=W, 0V,

by utilizing MIMO capacity formula or other metric such as
mutual information based metric, for example.

Furthermore, the rank indicator with PTI=1 can be further
encoded into at most a two bit representation. As an illustra-
tive example, from Table 1, if r,*=1, 2, one bit can be used to
encode r; *: 0 for r;*=1 and 1 for r;*=2, or O for r; *=2 and 1
forr,*=1; while if r,*=3,4 then, one bit can be used to encode
r;*: 0 forr,*=3 and 1 forr, *=4, or O for r, *=4 and 1 forr, *=3;
while if r,*=5, 6, 7, 8 then, two bits can be used to encode r; *:
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0, 1,2, and 3 can be forr, *=5, 6, 7, 8, respectively, and here
0, 1, 2, and 3 can be represented by two bits.

According to an example embodiment, the UE may be able
to determine the RI with PTI=1 report conditioned on a pre-
viously reported first PMI or W1 report and a previously
reported RI with PTI=1 report. A detailed description of an
exemplary determination of the RI with PTI=1 report from
the previously reported first PMI or W1 report and the previ-
ously reported RI with PTI=1 report is provided below.
Although it may be possible to utilize any previously reported
W1 or first PMI report to determine the RI with PTI=1 report,
the most recently reported (or similarly, last reported) W1 or
first PMI report may produce the RI with PTI=1 report that
provides the best overall communications system perfor-
mance.

As an illustrative example, consider codebook based pre-
coding for closed loop MIMO communications system and a
dual index or double codebook based codebook. The deter-
mination of the Rl with PTI=1 report conditioned on the most
recently reported (or similarly, last reported) W1 or first PMI
report and the most recently reported (or similarly, last
reported) RI with PTI=1 report and may be expressed as

rj =arg max (H_laxfws(

(ry) )
PR
(1) i -2 )
r eR’/1 i 2

wherer,' is the previously reported (e.g., most recently or last
reported) RI with PTI=1 report, i,' is the most recently
reported or last reported W1 or first PMI report, and er',il*(l)
represents a set of allowable r; values such that W1 corre-
sponding to first PMI 1, * inarank —r, codebook is same as W1
corresponding to first PMI 1, * in a rank —r," codebook. More

specifically, the candidate r; can be given in Table 2.

TABLE 2

Candidate RI with PTI = 1 reports conditioned on previously
reported RI with PTI = 1 and a first PML

r,', the last reported RI with PTI = 1

Candidate
values of r;

Therefore, for a given value of r,', the UE may determine a
set of candidate values for r; conditioned on the value of r,'
(using Table 2, for example). In other words, the value of r,' is
used to determine (condition) the set of candidate values for
r,. The UE may then select a value from the set of candidate
values as the RI with PTI=1 report based on the channel
measurement. As an illustrative example, consider a situation
wherein r,'=2, then the set of candidate values for r, com-
prises 1 and 2. The UE may then select either 1 or 2 for the RI
with PTI=1 report depending on its channel measurement. As
another illustrative example, consider a situation wherein
r,'=5 and i, *=0, then the set of candidate values for r, com-
prises 5, 6, 7 and 8. The UE may then select either 5, 6, 7 or 8
for the RI with PTI=1 report depending on its channel mea-
surement.
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Furthermore,

fus(Wi) = D ClWiEL).

se§

where S represents the set of subbands and spans the entire
system bandwidth, and s represents a subband belonging to S.

Alternatively, the determination of RI with PTI=1 report
conditioned on the previously reported (e.g., most recently
reported or last reported) RI with PTI=1 report and the pre-
viously reported (e.g., most recently reported or last reported)
W1 or first PMI report can also be expressed as

ro=arg max maX(CS(W‘-({l‘.;)) i
! ;
r eR’/1 a5 2

where CS(WZ.I*,Z.Z(”)) represents the total throughput, capacity,
or other metrics when transmitting utilizing precoding matrix
Wil*,iz(”) on subband s and it can be derived based on the
following equation

y=HPx+nP=W, 0V,

by utilizing MIMO capacity formula or other metric such as
mutual information based metric, for example.

Furthermore, the rank indicator with PTI=1 can be further
encoded into at most a two bit representation. As an illustra-
tive example, from Table 1, ifr,'=1, 2, then one bit can be used
toencodeifr;*: Oforr,*=1 and 1 forr, *=2, or O forr, *=2 and
1 forif=1; while if r,'=3, 4 then, one bit can be used to encode
r,*:0forr,*=3 and 1 forr,*=4,or 0 forr, *=4 and 1 forr, *=3;
while ifr,'=5, 6, 7, 8; two bits can be used to encode r; *: 0, 1,
2, and 3 can be for r; *=5, 6, 7, 8, respectively, and here 0, 1,
2, and 3 can be represented by two bits.

FIG. 4b illustrates a second diagram 430 of CSI feedback
transmitted by a UE to an eNB, wherein one of the CSI is
determined conditioned on previously reported CSI. Second
diagram 430 displays a number of feedbacks of CSI by a UE
to an eNB, including a wideband W2 or wideband second
PMI report (shown as subframe 435). However, as discussed
previously, the UE may not know how to determine the wide-
band second PMI or W2 report when PTI is set to 1.

According to an example embodiment, the UE may be able
to determine the wideband W2 or wideband second PMI
report conditioned on a RI with PTI=1 report (shown as
subframe 440) and a W1 or first PMI report (shown as sub-
frame 445). A detailed description of an exemplary determi-
nation of the wideband W2 or wideband second PMI report is
provided below. Although it may be possible to utilize any
previously reported RI with PTI=1 report and any previously
reported W1 or first PMI report to determine the wideband
second PMI or W2 report as long as there exists a previously
reported W1 or first PMI report, which belongs to a different
CSIreport sequence, the most recently reported (or similarly,
last reported) RI with PTI=1 report and the most recently
reported (or similarly, last reported) W1 or first PMI report (as
long as there exists a previously reported W1 or first PMI
report, which belongs to a different CSIreport sequence) may
produce the wideband W2 or wideband second PMI report
that provides the best overall communications system perfor-
mance. It is noted that the RI with PTI=1 report may be
determined conditioned on previously reported CSI such as
described in the description of FIG. 4a.
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As an illustrative example, considering the above men-
tioned MIMO system and dual index or double codebook
based codebook, the determination of the wideband W2 or
wideband second PMI report conditioned on the most
recently reported (or similarly, last reported) RI with PTI=1
report and the most recently reported (or similarly, last
reported) first PMI or W1 report may be expressed as

. el
= aIgU}aXfWB(W;T};Z),
2

where r;* and 1, * is the most recently reported (or similarly,
last reported) RI with PTI=1 report and the most recently
reported (or similarly, last reported) wideband first PMI or
W1 report, respectively.

Furthermore,

7 7
Fus(Wiy) = 2 L)
se

where S represents the set of subbands and spans the entire
system bandwidth, s represents a subband belongingto S, and

cwil))

represents the total throughput, capacity, or other metrics
when transmitting utilizes precoding matrix

on subband s and it can be derived based on

WD

y=HPx+n, P= iy

by utilizing MIMO capacity formula or other metric such as
mutual information based metric, for example. Furthermore,
awideband CQI can be calculated conditioned on the precod-
ing matrix

P
wil)
e

assuming transmission occurs over set S subbands or the
entire system bandwidth.

FIG. 4c¢ illustrates a third diagram 460 of CSI feedback
transmitted by a UE to an eNB, wherein one of the CSI is
determined conditioned on previously reported CSI. Third
diagram 460 displays a number of feedbacks of CSI by a UE
to an eNB, including a subband W2 or second PMI report
(shown as subframe 465). However, as discussed previously,
the UE may not know how to determine the subband second
PMI or W2 report when PTI is set to 1.

According to an example embodiment, the UE may be able
to determine the subband W2 or second PMI report condi-
tioned on a RI with PTI=1 report (shown as subframe 470)
and a W1 or first PMI report (shown as subframe 475). A
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detailed description of an exemplary determination of the
subband W2 or second PMI report is provided below.
Although it may be possible to utilize any previously reported
RIwith PTI=1 report and any previously reported W1 or first
PMI report to determine the subband W2 or second PMI
report as long as there exists a previously reported W1 or first
PMI report that belongs to a different CSI report sequence, the
most recently reported (or similarly, last reported) RI with
PTI=1 report and the most recently reported (or similarly, last
reported) first PMI or W1 report (as long as there exists a
previously reported W1 or first PMI report, which belongs to
a different CSI report sequence) may produce the subband
W2 or second PMI report that provides the best overall com-
munications system performance. It is noted that the RI with
PTI=1 report may be determined conditioned on previously
reported CSI such as described in the description of FIG. 4a.

As an illustrative example, considering the above men-
tioned MIMO system and dual index or double codebook
based codebook, the determination of the subband W2 or
second PMI report conditioned on the most recently reported
(or similarly, last reported) RI with PTI=1 report and the most
recently reported (or similarly, last reported) W1 or first PMI
report may be expressed as

o _ )
i = argrr}zaxCS*(W‘-T'iz),

wherer;* and 1, * are the most recently reported (or similarly,
last reported) RI with PTI=1 report and the most recently
reported (or similarly, last reported) wideband W1 or first
PMI report, respectively, and s* represents the subband
selected by UE. It is noted that a subband selection indicator
or a subband label in a BP can be reported with subband
second PMI report for this situation. The subband selected
from a BP can be expressed by

. _ 't
5" = argmax (rrtlzax CS(W"T o )),

where s belongs to a particular BP or determined by pre-
defined cycling (for this situation, the subband selection indi-
cator or the subband label may be used by a predefined
cycling pattern known by the UE and the eNB and may not
necessarily be reported. For example, the subband label may
be used in increasing order of frequency per BP. Furthermore,

represents the total throughput, capacity, or other metrics
when transmitting utilizes precoding matrix

on subband s* and it can be derived based on

y=HPx+n, P= W‘.({I‘.)z,
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by utilizing MIMO capacity formula or other metric such as
mutual information based metric, for example. Furthermore,
a subband CQI can be calculated conditioned on the precod-
ing matrix

assuming transmission over subband s*.

According to an example embodiment, the UE may deter-
mine a PT1. A detailed description of an exemplary determi-
nation of the PTI is provided below. The PTI can be set to 0
and reported with RI for the first feedback, as an example.
Then several PTI=0 or PTI=1 can be fed back at different
instances based on a RI report period, which can be according
to a predefined cycling pattern (for example, five report
instances of PTI=1 per one report instance of PTI=0 or two
report instances of PTI=0 followed by one report instance of
PTI=1), channel conditions or traffic type, or so on. Further-
more, PTT can be also reported at a different subframe from
the RI report, for example, PTT can be reported with the same
period but with an offset with respect to the RI report.

According to an example embodiment, the UE may deter-
mine a RI when PTI=0 report. A detailed description of an
exemplary determination of the RI with PTI=0 report is pro-
vided below.

As an illustrative example, consider codebook based pre-
coding for closed loop MIMO communications system and a
dual index or double codebook based codebook. The deter-
mination of the RI with PTI=0 report may be expressed as

( )
ry= argmax(maxfwg( ‘10‘2 ))
7o \ipiz

and

(ro)
i ‘2

(ro)
i ‘2

fws(W,

= cw

se§

where S represents the set of subbands and spans the entire
system bandwidth, and s represents a subband belonging to S.

Alternatively, the determination of RI when with PTI=0
can also be expressed as

ry= argmax[max i

n | i H%?X (CS (W_(’O_) ))]’

where C(W, , ("’)) represents the total throughput, capacity,
or other metrlcs when transmitting utilizing precoding matrix
W, 2("’) on subband s and it can be derived based on the

following equation

y=HPx+n,P=W, %,

by utilizing MIMO capacity formula or other metric such as
mutual information based metric, for example.

According to an example embodiment, the UE may deter-
mine a wideband W1 or wideband first PMI report condi-
tioned on a previously reported (e.g., most recently reported
or the last reported) RI with PTI=0 report. A detailed descrip-
tion of an exemplary determination of the wideband W1 or
wideband first PMI report is provided below.

As an illustrative example, considering the above men-
tioned MIMO system and dual index or double codebook
based codebook, the determination of the wideband W1 or
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wideband first PMI report conditioned on the last reported (or
similarly, most recently reported) RI with PTI=0 report may
be expressed as

it = argmax(maxfwg(

(*)
i ‘2))

where r,* is the most recently reported or the last reported RI
with PTI=0.

Furthermore,

(ro)
i ‘2

(ro)
i ‘2

fWB

Zc

where S represents the set of subbands and spans the entire
system bandwidth, s represents a subband belonging to S.

Alternatively, the determination of the wideband W1 or
wideband first PMI report conditioned on the last reported RI
with PTI=0 report may be expressed as

if:argrr}lax[ E maxC Wi, ‘2]

se§

where

c(wi)

represents the total throughput, capacity, or other metrics
when transmitting utilizing precoding matrix

)
iL4in

on subband s and it can be derived based on

Wi

y=HPx+n, P=W;,,

by utilizing MIMO capacity formula or other metric such as
mutual information based metric, for example.

According to an example embodiment, the UE may deter-
mine a wideband W2 or wideband second PMI report condi-
tioned on previously reported (e.g., most recently reported or
the last reported) RI with PTI=0 report and previously
reported (e.g., most recently reported or the last reported)
wideband first PMI report when PTI=0. A detailed descrip-
tion of an exemplary determination of the wideband W2 or
wideband second PMI report is provided below.

As an illustrative example, considering the above men-
tioned MIMO system and dual index or double codebook
based codebook, the determination of the wideband W2 or
wideband second PMI report conditioned on the last reported
or most recently reported RI with PTI=0 report and the wide-
band W1 or the first PMI report when PTI=0 may be
expressed as
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. )
i3 = argmax fus(Wy3, ).
L)

. 5
where ry,* and 1,* are the most recently reported or the last

reported RI and wideband first PMI when PT1 is set to O.
Furthermore,

)] )
ifip

fs(Wit) = > il
se§

where S represents the set of subbands and spans the entire
system bandwidth, s represents a subband belonging to S.

,)k
(W)

represents the total throughput, capacity, or other metrics
when transmitting utilizing precoding matrix

on subband s and it can be derived based on

’
y=HPx+n P=wWi
142

by utilizing MIMO capacity formula or other metric such as
mutual information based metric, for example. Furthermore,
awideband CQI can be calculated conditioned on the precod-
ing matrix

P
witl
142

assuming transmission occurs over set S subbands or the
entire system bandwidth.

According to an example embodiment, the eNB may
receive PTI and/or RI reports. Specifically, PTI and/or RI
reports can be received at a predefined subframe. For
example, the subframe may be at a multiple of a period for
CQI or PMI reports with specified offset, which can be con-
figured by higher layer signaling.

According to an example embodiment, the eNB may
receive a wideband first PMI report based on a most recently
received PTI report. Specifically, based on the most recently
received PTI=0 report, eNB may receive the wideband first
PMI report at a particular subframe, which can be configured
by higher layer signaling and may be different for different
values of PTI.

According to an example embodiment, the eNB may
receive a wideband second PMI report conditioned on the
most recently received PTI. Specifically, based on the most
recently received PTI=0 or PTI=1 report, eNB may receive
the wideband second PMI report at a particular subframe,
which can be configured by higher layer signaling and may be
different for different values of PT1. Furthermore, a wideband
CQI report can be also received together with the wideband
second PMI report.
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According to an example embodiment, the eNB may
receive a subband second PMI report conditioned on the most
recently received PTI. Specifically, based on the most
recently received PTI=1 report, eNB may receive the subband
second PMI report at a particular subframe, which can be
configured by higher layer signaling; Furthermore, a subband
CQI report can be also received together with the wideband
second PMI report.

According to an example embodiment, the eNB may
obtain a precoding matrix based the most recently received
PTI and CSI reports. A detailed description of an exemplary
reception of PTI and/or RI reports is provided below. If the
most recently received PTI report comprises a PTI=0 report,
then the precoding matrix can be

where r ¥, 1,* and 1i,* are most recently RI, first PMI, and
second PMI when PTI=0, respectively. If the most recently
received PTI report comprises a PTI=1 report, then the pre-
coding matrix can be

Wi
12

where 1,* is the most recently or last received (wideband or
subband) second PMI report when PTI=1, 1,* is the most
recently or last received first PMI when PTI=0, and r* is the
most recently RI when PTI=0 or PTI=1 that is consistent with
assumptions at UE regarding the value of PTI.

FIG. 5 illustrates a flow diagram of UE operations 500 in
reporting CSI to an eNB. UE operations 500 may be indica-
tive of operations occurring in a UE, such as UE 110 or UE
203, as the UE reports CSI to an eNB, such as eNB 105 or
eNB 201. UE operations 500 may occur while the UE is ina
normal operating mode.

UE operations 500 may begin with the UE estimating a
channel between itselfand the eNB (block 505). According to
an example embodiment, the UE may estimate the channel
based on signals transmitted by the eNB. As an example, the
UE may estimate the channel based on a pilot signal, a refer-
ence signal such as cell specific reference signal (CRS) or
channel state information reference signal (CSI-RS), a pre-
amble, or so on, transmitted by the eNB.

The UE may determine the CSI to be reported to the eNB
(block 510) based on the channel estimate or channel mea-
surement. According to an example embodiment, how the UE
determines the CSI to be reported to the eNB depends upon
the type of CSIreported to the eNB, e.g., PTI=0 or PTI=1. As
an example, certain CSI may be determinable by the UE
without being conditioned on the previously reported CSI
associated with a different type of CSI, while other CSI may
require the UE to determine the CSI conditioned on the pre-
viously reported CSI associated with a different type of CSI.

The UE may determine the type of CSI, where the CSIis to
be reported to the eNB (block 515). As an illustrative
example, in order to support closed loop MIMO, the types of
CSI by the UE may include PTI=1, PTI=0, and so on.

With the type of CSI determined, the UE may perform a
check to determine if the CSI requires knowledge of previ-
ously reported CSI, which may or may not be associated with
a different type of CSI (block 520). If the CSI does notrequire
knowledge of previously reported CSI associated with a dif-
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ferent type of CSI, the UE may determine the CSI from the
measurements of the channel (block 525).

However, if the CSI does require knowledge of previously
reported CSI, the UE may obtain the previously reported CSI
dependent on the type of CSI (block 530). As illustrative
examples, CSI that does require knowledge of previously
reported CSI associated with a different type of CSI include
RI report with PTI=1, wideband W2 or second PMI report
with PTI=1, subband W2 or second PMI report with PTI=1,
and so forth.

The UE may determine the CSI conditioned on the previ-
ously reported CSI and potentially the type of CSI (block
535). As illustrative examples, the UE may determine the RI
with PTI=1 report conditioned on the most recently (or last)
reported wideband W1 or first PMI report and the most
recently reported (or last reported) RI with PTI=0 report (as
shown in blocks 605 in FIG. 6a); the wideband W2 or second
PMI report conditioned on the most recently reported (or last
reported) RI with PTI=1 report and the most recently reported
(or last reported) wideband W1 or first PMI report (as shown
in block 610 in FIG. 65); the subband W2 or second PMI
report conditioned on the most recently reported (or last
reported) RI with PTI=1 report and the most recently reported
(or last reported) wideband W1 or first PMI report (as shown
in block 615 in FIG. 6¢); and so on.

According to an example embodiment, depending on the
CS], the previously reported CSI that the UE uses to condition
its determination of the CSI is associated with a CSI report
sequence different from a CSI report sequence that is associ-
ated with the CSI that it is determining. As an illustrative
example, the UE may determine the RI with PTI=1 report
belonging to the second CSI report sequence conditioned on
the most recently reported (or last reported) wideband W1 or
first PMI report and the most recently reported (or last
reported) RI with PTI=0 report associated with the first CSI
report sequence.

The UE may report the CSI to the eNB (block 540). Alter-
natively, the UE may report the type of CSI or both the CSI
and the type of CSI to the eNB.

FIG. 7 provides an illustration of a communications device
700. Communications device 700 may be an implementation
of'a UE, MS, or so on. Communications device 700 may be
used to implement various ones of the embodiments dis-
cussed herein. As shown in FIG. 7, a transmitter 705 is con-
figured to transmit information and a receiver 710 is config-
ured to receive information. Transmitter 705 and receiver 710
may have a wireless interface, a wireline interface, or a com-
bination thereof. In practice, transmitter 705 and receiver 710
might be implemented in a single unit of hardware.

A channel estimation unit 720 is configured to measure a
channel between communications device 700 and an eNB (or
a BS or any other form of communications controller). Chan-
nel estimation unit 720 makes use of signals, such as pilot
signals, reference signals, preambles, and so on, transmitted
by the eNB to measure the channel. A memory accessing unit
722 is configured to retrieve previously reported channel
information from a memory 740 in order to determine certain
types of channel information to report to the eNB. The pre-
viously reported channel information may be organized in a
reported channel information store 742, for example.

A channel information processing unit 724 is configured to
determine CSI to report to the eNB. Depending on the type of
the CSI being reported, channel information processing unit
724 may make use of channel measurements, previously
reported channel information, CSI type, or a combination
thereof to determine CSI. A feedback generating unit 726 is
configured to generate feedback information from CSI. For
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example, feedback generating unit 626 may generate coded
bit sequence and modulation symbol sequence from CSI.

A codebook unit 730 is configured to maintain a codebook
to meet operating conditions. A memory 740 is configured to
store reported channel information, channel measurements,
and so forth.

The elements of communications device 700 may be
implemented as specific hardware logic blocks. In an alter-
native, the elements of communications device 700 may be
implemented as software executing in a processor, micropro-
cessor, digital signal processor, controller, application spe-
cific integrated circuit, or so on. In yet another alternative, the
elements of communications device 700 may be imple-
mented as a combination of software and/or hardware.

As an example, transmitter 705 and receiver 710 may be
implemented as a specific hardware block, while channel
estimation unit 720, memory accessing unit 722, channel
information processing unit 724, feedback generating unit
726, and codebook unit 730 may be software modules execut-
ing in a processor 715, such as a microprocessor, a digital
signal processor, a custom circuit, or a custom compiled logic
array of a field programmable logic array.

Although the present invention and its advantages have
been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by the appended claims.

Moreover, the scope of the present application is not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from the
disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the
same result as the corresponding embodiments described
herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include
within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps.

What is claimed is:

1. A method for reporting channel information, the method
comprising:

determining, by a user equipment, a channel information

type comprising a precoding type indication (PTI) for
first channel information to be reported to a communi-
cations controller;

determining, by the user equipment, the first channel infor-

mation conditioned on last reported channel information
and on the channel information type comprising the PTI;
and

reporting, by the user equipment, at least one of the first

channel information and the channel information type.

2. The method of claim 1, wherein the last reported channel
information is obtained in accordance with the channel infor-
mation type.

3. The method of claim 1, wherein the first channel infor-
mation comprises channel state information.

4. The method of claim 1, wherein the determining the first
channel information comprises:

selecting a candidate channel information set in accor-

dance with the last reported channel information; and
selecting the first channel information from the candidate
channel information set.

5. The method of claim 1, wherein the channel information
type comprises the PT1 set to a first value, and wherein the last
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reported channel information comprises a last reported rank a transmitter coupled to the processor, the transmitter con-
indicator and a last reported first precoding matrix indicator, figured to report at least one of the first channel infor-
and wherein the determining the first channel information mation and the channel information type.

comprises determining a rank indicator with the PTT set to the
first value conditioned on the last reported channel informa-
tion.
6. The method of claim 5, wherein the first value is equal to
1, and wherein the determining the rank indicator with the
PTI set to the first value comprises:
selecting a set of candidate rank indicators from a plurality 10
of sets of candidate rank indicators in accordance with
the last reported rank indicator and the last reported first

14. The user equipment of claim 13, wherein the processor
is configured to obtain the last reported channel information
in accordance with the channel information type.

15. The user equipment of claim 13, wherein the processor
is configured to select a candidate channel information set in
accordance with the last reported channel information, and to
select the first channel information from the candidate chan-
nel information set.

precoding matrix indicator; and 16. The user equipment of claim 13, wherein the channel
selecting a candidate rank indicator from the set of candi- information type comprises the PTI set to a first value, and
daterank indicators as the rank indicator with the PTTset 15 wherein the last reported channel information comprises a
to the first value, wherein the plurality of sets of candi- last reported rank indicator and a last reported first precoding
date rank indicators are as shown, matrix indicator, and wherein the processor is configured to

last reported rank indicator with the PTI=0 or 1

5,6,7
1,2 3,4 il1=0 i1=1,2,3 8
Set of 1,2 3,4 5,6,7,8 5,6,7 5,6,7,8
candidate rank
indicators with
the PTI =1

where i1 is the last reported first precoding matrix indicator. 30 determine a rank indicator with the PTT set to the first value

7. The method of claim 6, wherein the determining the rank conditioned on the last reported channel information as the
indicator with the PTT set to the first value further comprises first channel information.
encoding the rank indicator with the PTT set to the first value 17. The user equipment of claim 16, wherein the last
into at most two bit representation. reported first precoding matrix indicator is obtained condi-
8. The method of claim 5, wherein the last reported first 35 tioned in the PTI set to a second value.
precoding matrix indicator is obtained conditioned on the PTI 18. The user equipment of claim 13, wherein the channel
set to a second value. information type comprises the P11 set to a first value, and

9. The method of claim 1, wherein the channel information
type comprises the PTIsetto a first value, and wherein the last
reported channel information comprises a last reported rank 40
indicator and a last reported first precoding matrix indicator,
and wherein the determining the first channel information
comprises determining a wideband second precoding matrix

indicator conditioned on the last reported channel informa- first channel 1nf0rma.t10n. . .
Homn. s 19 The user equipment of claim 18, wherein the last

10. The method of claim 9, wherein the last reported first reported first precoding matrix indicator is obtained condi-

precoding matrix indicator is obtained conditioned on the PTT ~ tioned in the PTI set to a second value. ]
set 1o a second value. 20. The user equipment of claim 13, wherein the channel

wherein the last reported channel information comprises a
last reported rank indicator and a last reported first precoding
matrix indicator, and wherein the processor is configured to
determine a wideband second precoding matrix indicator
conditioned on the last reported channel information as the

11. The method of claim 1, wherein the channel informa- information type comprises the PTI set to a first value, and
tion type comprises the PTT set to a first value, and wherein so Wherein the last reported channel information comprises a
the last reported channel information comprises a last last reported rank indicator and a last reported first precoding
reported rank indicator and a last reported first precoding matrix indicator, and wherein the processor determines a
matrix indicator, and wherein the determining the first chan- subband second precoding matrix indicator conditioned on
nel information comprises determining a subband second the last reported channel information as the first channel
precoding matrix indicator conditioned on the last reported 55 information.
channel information. 21. The user equipment of claim 20, wherein the last

12. The method of claim 11, wherein the last reported first reported first precoding matrix indicator is obtained condi-
precoding matrix indicator is obtained conditioned on the PTI tioned in the PTI set to a second value.
set to a second value. 22. A communications system comprising:

13. A user equipment comprising: 60  auser equipment configured to determine a channel infor-

aprocessor configured to determine a channel information mation type comprising a precoding type indication

type comprising a precoding type indication (PTI) for (PTI) for first channel information to be reported to a
first channel information to be reported to a communi- device, to determine the first channel information con-
cations controller, and to determine the first channel ditioned on last reported channel information and on the
information conditioned on last reported channel infor- 65 channel information type comprising the PTI, and to
mation and on the channel information type comprising report at least one of the first channel information and the

the PTT; and channel information type to the device.
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23. The communications system of claim 22, wherein the
user equipment is configured to obtain the last reported chan-
nel information in accordance with the channel information
type.

24. The communications system of claim 22, wherein the
user equipment comprises:

a processor configured to determine the channel informa-
tion type, and to determine the first channel information
conditioned on the last reported channel information;
and

a transmitter configured to report at least one of the first
channel information and the channel information type to
the device.

25. The communications system of claim 24, wherein the
channel information type comprises the PTI set to a first
value, and wherein the last reported channel information
comprises a last reported rank indicator and a last reported
first precoding matrix indicator, and wherein the processor is
configured to determine a rank indicator with the PTI set to
the first value conditioned on the last reported channel infor-
mation as the first channel information.

26. The communication system of claim 25, wherein the
last reported first precoding matrix indicator is obtained con-
ditioned on the PTI set to a second value.
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27. The communications system of claim 24, wherein the
channel information type comprises the PTI set to a first
value, and wherein the last reported channel information
comprises a last reported rank indicator and a last reported
first precoding matrix indicator, and wherein the processor is
configured to determine a wideband second precoding matrix
indicator conditioned on the last reported channel informa-
tion as the first channel information.

28. The communication system of claim 27, wherein the
last reported first precoding matrix indicator is obtained con-
ditioned on the PTI set to a second value.

29. The communications system of claim 24, wherein the
channel information type comprises the PTI set to a first
value, and wherein the last reported channel information
comprises a last reported rank indicator and a last reported
first precoding matrix indicator, and wherein the processor
determines a subband second precoding matrix indicator con-
ditioned on the last reported channel information as the first
channel information.

30. The communication system of claim 29, wherein the
last reported first precoding matrix indicator is obtained con-
ditioned on the PTI set to a second value.
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